Large ares (6 million ha) of the United States and Canada, ciassified as range, have an enormous impact on the economy and environment through grass production. Production is often drastically reduced by infestations of grass-feeding insects. Although the literature is voluminous with references dealing with responses of agronomic crop plants to attacks by these insects, iittle research has been conducted on range grasses. The black grass bugs,Labops spp and Irbisia spp (Hemiptera: Miridae), are economically important on rangeland of the Intermountain West. The recognized mechanisms of plant resistance to insects are nonpreference, toierante, and antibiods. Trichome length and density within species of wheatgrasses (Agropyron sp) are negatively correiated with feeding behavior of the early instars of Labops hesperius Uhier, but not with older instars or adults. Certain species of wheatgrasses show varying degrees of tolerance to feeding by L. hesperius. Approximately 3,000 chemical compounds afford piants some protection against insects. During their long co-evolution with plants, however, insects overcame the toxic effects of many chemical compounds. Essentially no plant breeding has been done to develop range grass cultivars that are resistant to black grass bugs. Nevertheless, the opportunities are as great as the need that must be met if western rangelands are to satisfy multiple demands the future is likely to impose on them.
because of the relatively high application costs on the large areas of low value land.
However, a practical method of controlling range pests is to reseed with insect resistant grasses. This has already been initiated with other grass feeding insects. Differences in feeding preferences for range grasses have been studied with 60 species of short-horned grasshoppers (0rthoptera:Acrididae) (Mulkem et al. 1969 ), a range thrip, (Chirothrips falsus Priesner) (Thysanoptera:Thripidae) (Watts 1965) , the chinch bug, [Blissus leucopterus ieucopterus (Say)] (Hemiptera:Lygaeidae) (Hayes and Johnston 1925) , an aphid, [Rhopalosiphumpadi(L.)], the corn leaf aphid, [Rhopalosiphum maidis (Fitch)], the English grain aphid, [Macrosiphum avenue (Fabricius) ], and the greenbug, [Schizaphis graminum (Rondani)] (Homoptera:Aphididae) (Jackson et al. 1981, Kieckhefer and Stoner 1978) . Feeding tolerance of cultivars of Kentucky bluegrass (Poapratensis L.) has also been evaluated for the hairy chinch bug (Blissus leucopterus hirtus Montandon) (Baker et al. 198 1) . Antibiosis has been observed in range grasses to 4 species of aphids (Stoner and Kieckhefer 1979) and in accessions of St. Augustinegrass [Stenotaphrum secundatum (Walt.) Kuntze], to the southern chinch bug (Bfissus insularis Barber) (Reinert and Dudeck 1974) .
The first extensive work on plant resistance to insects was published by Painter in 195 1. He included a comprehensive review of the literature to that time and the principles of plant resistance to insects. Subsequent review papers were published by Painter (1958) , Beck (1965) , Maxwell et al. (1972) , Gallunet al. (1975), and Farrell (1977) . Several other workers have reported on various aspects of plant resistance to insects (Jermy 1976 , Hedin 1983 , Maxwell and Jennings 1980 , Rosenthal and Janzen 1979 , and Russell 1978 . However, none of these studies have dealt with the biology or habits of phytophagous insects on range grasses. Only very limited research now being done on morphological and biochemical differences among breeding lines of range grass species or interspecific hybrids can be correlated with the feeding behavior of black grass bugs (Brewer and Campbell 1977; Brewer et al. 1979; Haws et al. 1978 Haws et al. , 1982 Ling et al. 1982a, b; Windig et al. 1983) . In this review, we attempted to summarize information dealing with plant resistance, morphological and biochemical traits of range grasses associated with their resistance to black grass bugs. Because of a dearth of information on responses of range grasses to insect attack, data from other plants are cited as illustrations.
Plant Resistance to Insect Attack
Plant resistance is the heritable ability of the host plant to reduce infestation and/ or damage by insect (Gallun and Khush 1980) . The existence of plant resistance can be credited to a long continuing co-evolutionary process between plant-eating insects and their hosts. According to Ehrlich and Raven (1964) , the plant-herbivore interface may be the major zone of interaction responsible for generating terrestrial organic diversity. From the standpoint of natural selection in evolution, host plant resistance is a preadaptive characteristic of plants. Plants co-evolving with insects intrinsically possessed or have developed means of surviving attack by insects (Waiss et al. 1977) .
Resistant plant cultivars can form the foundation of an inte-grated system of pest control. On rangeland with a limited cash value per unit area, the use of resistant cultivars may, in fact, be the most practical control method. The advantages of having resistant cultivars are several: (1) Pest control through resistance is cumulative and economical. (2) Resistance to one pest species may also provide resistance to several others. and Dyck 1980 , Hedin 1983 , Horber 1972 , Maxwell and Jennings 1980 . Painter (1951) and later Gallun (1972) listed 3 mechanisms or types of resistance: (1) preference or nonpreference-to denote the plant characters that lead an insect to or away from a particular plant or variety for oviposition, food, shelter, or for combinations of the 3; (2) tolerance-the plant is able to grow, reproduce, and repair injury in spite of supporting a population that would damage a susceptible host; and (3) antibiosis-comprises the adverse influence of plants on growth, survival, or reproduction of their insect pests by means of chemical or morphological factors. According to Beck's (1965) definition of a plant with resistance, it is able to reduce the successful utilization of itself as a host by an insect. This definition omits tolerance as a type of resistance. Beck and Maxwell (1976) redefined the types of resistance as resistance to: oviposition, feeding, development, and survival.
Types of resistance are frequently interrelated (Beck 1965) . Preference, tolerance, and antibiosis were all shown to affect resistance of pearl millet As part of the USDA-ARS grass breeding program at Utah State University, a breeding nursery consisting of 500 accessions representing 60 species and interspecific hybrids was established on a surface mine near Decker, Mont. In 1980, several plots became infested with larvae of the bluegrass billbug, (Sphenophoruspurvulw Gyllenhal) (Coleoptera:Curculionidae).
Significant differences in susceptibility were observed among and within species, with slender wheatgrass and its related species being the most heavily damaged. Breeding lines of crested wheatgrass, [A. desertorum (Fisch. ex Link) Schult.], western wheatgrass, [Puscopyrum smithii(Rydb.) Love] (Dewey 1983a, b) , and interspecific hybrids were not damaged, suggesting that selection for resistance to this devastating insect would be possible (Asay et al. 1983) . Likewise, in Kentucky bluegrass cultivar trials in Nebraska, Kindler and Kinbacher (1975) and Lindgren et al. (198 1) demonstrated genetic differences to an infestation of S. purvulus. While all cultivars showed some visual injury to the bluegrass billbug, 'South Dakota Certified', 'Delta', 'Park', 'Nu Dwarf', 'Merion', and 'Pennstar' exhibited significantly lower infestations than other cultivars tested, suggesting the potential for breeding or selecting for resistance in Kentucky bluegrass.
Improving resistance to plant pests (primarily insects and diseases) is a major objective of most forage breeding programs. Substantial progress has been made in many crops such as small grains, tuber and root crops, fiber crops, omamentals, forage legumes, and forage grasses. Although heritable genetic variation in mechanisms that condition resistance to insects apparently exists in range grasses, little breeding work has been done to incorporate these characters into improved cultivars.
For practical reasons, plant resistance to insects is generally considered as biochemical or morphological in nature. Morphological (physical) resistance factors are, however, expressions of genetically regulated biochemical processs (Norris and Kogan 1980) .
Plant Physical Properties in Relation to Insect Resistance
Differences in damage and the response of plant cultivars to insect attack have been on record for almost 200 years. The wheat (Triticum uestivum L.) cultivar 'Underhill' was reported as resistant to the Hessian fly, [Muyetiolu destructor (Say)], (Diptera:Cecidomyiidae) by Haven in 1792 (Ortman and Peters 1980). Since then, major efforts have been made to exploit those differences and to develop crops that are resistant to their primary pests (Beck 1965 , Gallun et al. 1973 . Resistance may result from physical properties of the plant, such as pubescence, thickened epidermis, a fibrous cuticle, a spiney surface, presence or absence of small cavities or crevices on the surface, and hardness of the plant tissue. Color and shape of plants also indirectly affect host selection behavior of phytophagous insects and have been associated with some resistance (Norris and Kogan 1980) . A search of the literature, however, failed to reveal any evidence that these traits were associated with insect resistance in range grases.
Trichomes occur as hair-like (pubescence) appendages on the epidermis of aerial tissues of plants and vary widely in structure, function, and distribution over plant parts (Cutter 1976 , Uphof 1962 . These structures have been used widely for taxonomic classification, and they are effective defense mechanisms against phytophagous insects (McCollock and Yuasa 1917, Levin 1973) . Ling et al. (1982a) hypothesized that trichome length and density on the leaves of selected range grasses affect the feeding behavior of L. hesperius and impair bug movement. Thirty-four cultivars and synthetics of range grasses, representing the general Agropyron, Bromus, Dactylis, Elymus, Elytrigiu, Leymus, Phuluris and Pou were exposed to L. hesperius. The hypothesis was acceptable within the genus Agropyron and instars II and III, but it was rejected with other grass genera or adult Lubops. The bugs preferred intermediate wheatgrass, slender wheatgrass, and Kentucky bluegrass over crested wheatgrass [Agropyron desertorum (Fish ex Link) Schult.], reed canarygrass (Phuluris urundinuceue L.), or orchard grass (Dactylis glomerutu L.). Grasses of the other genera were intermediate in their resistance to the L. hesperius bugs. Interestingly, the leaf surfaces of the Bromus, Dactylis, and Phuluris grasses were relatively free of trichomes, yet, plants of these genera were rarely damaged by Labops of any growth stages. These data suggest that the feeding insects' preferences were based on chemcial constituents.
Plant Chemical Properties in Relation to Insect Resistance
Stahl suggested in the late 1800's that some of the chemical properties of plants may have evolved for protection against attack by herbivorous animals (Rosenthal and Janzen 1979). Chemical properties and insect/plant interrelationships have been extensively reviewed (Beck and Reese 1976 , Chapman 1974 , Hedin et al. 1974 , Kogan 1978 , Maxwell and Jennings 1980 , Mittler and Sutherland 1969 , Ryan 1973 , Ryan and Green 1974 , Schoonhoven 1972 , Slama 1969 , White 1976 .
Categorized as attractants and repellents, the chemical properties might be further described as having nutritional, antinutritional, hormonal and generation of alternation action. As the name implies, repellents repel the insects and inhibit feeding. For example, some plants contain alkaloids that repel insects such as aphids. Other plant species contain saponins, alkaloids, and phenolic and cyanogenic glucosides that may have some allelochemic effect on the insects (Benson et al. 1975 , Gilbert and Raven 1975 , Schoonhoven 1972 , Schoonhoven and Derksen-Koppers 1976 , Tingey et al. 1978 . Trichomes may complement the chemical defense. of a plant with glands that exude terpenes, phenolics, alkaloids or other substances that are olfactorial or gustatorial repellants (Thurston 1970 , Thurston et al. 1966 . In essence, glandular trichomes afford an outer line of chemical defense by advertising the presence of noxious compounds. Fraenkel(l959,1969) pointed out that insect host attraction and eating behavior were largely controlled by compounds in the plant that had no known metabolic function. He suggested that the significance of these "secondary compounds"was in their repellent properties to insects and other herbivores. Since these early papers, knowledge of plant chemistry and secondary compounds has mushroomed. Swain (1977) reported that, of over 10,000 known secondary compounds from plants, more than 3,000 afford plants some protection against insects. The function of other secondary compounds is as yet undetermined. Because of the long and continued co-evolution of insects and their host-plants, many secondary compounds in plants have become ineffective in deterring insects, while research shows that some of these heretofore deterrent compounds have become feeding stimulants and attractants (Levin 1973) . Several recent volumes give detailed accounts of plant secondary compounds and their role in resistance to insects (Harborne 1982 , Hedin 1983 , Jermy 1976 , Maxwell and Jennings 1980 , Rosenthal and Janzen 1979 , Wallace and Manse11 1976 . Todd et al. (1971) , working with the greenbug, S. gruminum, observed that several phenolic compounds were detrimental to the growth and fecundity of this common pest on barley (Hordeum vulgare L.). Catechol, a phenolic benzene derivative, successfully reduced average weight of greenbugs when incorporated in a synthetic diet at a 3.75 X 10e4 M concentration. This compound also completely eliminated all live progeny of the adult. Salicylic, phydroxybenzoic, gentisic, protocatechuric, vanillic and syringic acids all reduced the number of live progeny over the control groups. Total progeny of greenbugs was drastically reduced as compared to the control when gentisic, protocatechuric, and syringic acids were incorporated in the diet at a 3.75 X lo-' M concentration. Cinnamic acid derivatives also yielded deleterious responses to the greenbug as did the flavonol quercetin. Todd et al. (1971) noted that many of the compounds that were toxic to the greenbug were present in resistant barley strains. This suggests that some of the inherent host-plant resistance in barley may be the plant's ability to synthesize certain phenolic compounds. Phenolic acids are of small molecular weight and are somewhat soluble in many solvents including water. These characteristics are vital properties of plant toxin since they must pass through cell membranes to be readily available (Rhoades and Cates 1979). Todd et al. (1971) found many phenolic acids present in higher plants to be toxic to the greenbug, suggesting that they may be instrumental in hostplant resistance to insects.
Observations suggest that insects prefer grasses on the basis of nutritional content (Asay et al. 1975 (Asay et al. ,1983 Haws et al. 1978 Haws et al. , 1982 Ling et al. 1982a, b) . Whether that preference or nonpreference can be attributed to palatability, induced by such grass components as structural or nonstructural carbohydrates, proteins, phospholipids, flavonoids, certain amino acids, or certain phenolic compounds, is unknown. The literature revealed no direct correlations of nutritional analyses of range grasses with insect preference or nonpreference. Recently, however, high positive correlations have been reported between grass bug damage and chemical constituents, CsH7 and CsHs, in certain wheatgrasses but not in orchardgrass and reed canarygrass (Ling et al. 1982a) . McKendrick and Bleicher (1980) , working with [Irbisia sericuns (Stal)] (Hemiptera:-Miridae) on bluejoint reedgrass (Calamagrostis candensis L.), noted that percentages of crude protein, Mg, Ca, and hemicellulose were positively correlated with percentages of damaged leaf area and that total nonstructural carbohydrates (TNC) was negatively correlated with leaf damage. Data collected by Windig et al. (1983) , who used pyrolysis-mass spectrometry (Py-MS) in combination with multivariate statistical analysis, did, however, indicate a possible role of phospholipids, proteins, isopronoids, and glycosides with phenolic aglycols in the feeding behavior of L. hesperius on range grasses.
Although it has not been substantiated in grass cultivars, resistance may control or suppress insect damage without reducing the nutritive quality. Kehr et al. (1968) and Kindler et al. (1971) recorded similar protein, carotene, and digestible dry matter contents in alfalfa (Medicago saliva L.) cultivars that were susceptible or resistant to the pea aphid [Acyrthosiphon pisum (Harris)] and spotted alfalfa aphid, [ Theriouphis maculata (Buckton)] (Homoptera:Aphididae). Barnes et al. (1970) reported that neither digestibility coefficients nor performance of yearling Holsteins differed significantly when fed resistant or susceptible alfalfa cultivars. Potentially, quality and nutritive values can be improved by host plant resistance because less protein, carotene, and vitamins would be lost from resistant than from susceptible grass cultivars. Protein yields of resistant 'Kanza' alfalfa attacked by the pea aphid were almost double and its carotene yields triple those of the susceptible cultivars 'Buffalo', 'Ranger', and 'Vernal' (Sorensen et al., 1969a, b) . By contrast, Loper (1968) reported a higher coumestrol content accumulated in aphid-susceptible 'Vernal' than in resistant 'Moapa' and 'Washoe' cultivars when all were subjected to aphids. Selection in alfalfa for aphid resistance can be expected to reduce the accumulation of coumestrol that results from aphid damage.
Feeding preferences between insects and livestock may be similar for the same grass lines. Survival and growth rates of crickets on diets of various forages have been positively correlated with comparable data from large animals in trials conducted in Missouri (Pfander et al. 1964, Stone and Matches 1966) . In subsequent trials, crickets were used to detect differences in the forage quality of tall fescue (Festuca arundinacea Schreb.) plants. Significant differences in cricket survival and growth rates were associated with the genetically different grasses (Asay et al. 1975) . Hence, care must be taken to prevent resistant characters in improved range grasses from interfering with livestock palatability. It is imperative that insect resistant cultivars be field tested by livestock. However, since insect resistance has been successfully selected for other forage crops, it is reasonable to expect the development of grass cultivars that will fulfill all forage requirements.
Conclusions
Development of insect resistant cultivars represents a virtually untapped means of reducing the damaging effects of insects on range grasses. Considering the obvious economic and environmental advantages, it would appear that research could well be expanded to realize these benefits. Evidently sufficient genetic variation is present in breeding populations of important range grasses to effectively select for resistance to the black grass bug. However, we have only fragmentary information available regarding the mechanisms in the plant that condition insect feeding behavior. Until these morphological and biochemical factors are better understood, screening and selection for resistance must be based on actual plant responses to the attacking insect. The ultimate objective will be to genetically alter those plant characteristics responsible for resistance, thereby maximizing the production of western rangelands to meet expanding demands imposed by future needs.
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